. Necrosis-driven systemic immune responce elicits dFoxO activation and an energy-wasting phenotype, related to Fig. 4 (A) qRT-PCR analysis of Thor/4E-BP expression in either fed or 24-hour-starved WP>dark-sh or WP>dronc-sh flies. Rpl32 served as an internal control. Mean ± SEM (n=4).
(B) Starvation stress susceptibility (n=60, *p<0.001 by the Kaplan-Meier log-rank test).
(C) TAG amount in spz or dFoxO heterozygous null mutants in dark cd4 background. Introduction of the spz or dFoxO heterozygous null mutation rescued TAG reduction in dark cd4 mutants. Mean ± SEM (n=4).
(D) TAG amount in spz or dFoxO heterozygous null mutants. Mean ± SEM (n=5).
(E) Introduction of the spz or dFoxO heterozygous null mutation suppressed Thor/4E-BP expression in dark cd4 mutants. Mean ± SEM (n=4). (A) Methionine cycle metabolite levels in flies overexpressing active spz with or without dFoxO-RNAi.
Mean ± SD (n=4).
(B) Starvation stress susceptibility (n=30, *p<0.001 by the Kaplan-Meier log-rank test). Either UAS-GFP or UAS-dFoxO was crossed with Tub GS -Gal4. Day-3 adult flies were subjected to starvation stress with or without 250 µM RU486, and the number of flies alive was counted.
(C) Gnmt is not induced in Toll 10b -overexpressing larval fat body clones. Table S3 . Metabolome analysis of two dark mutant alleles, related to Figure 2 Please see the Excel file.
Supplemental Experimental Procedures:
Fly stocks and starvation survival assay w 1118 was the wild-type strain used except for the CE-MS analysis, for which Canton S was used.
For the genetic manipulation in wing, we used the wing-specific Gal4 driver, which we designated as WP-Gal4, because a well-known wing driver Bx MS1096 -Gal4 has broader expression in adults.
The GMR11F02 driver, which expresses Gal4 in the wing pouch (a part of wing imaginal discs in the larval stage that eventually develops to adult wing) and is designated as WP-Gal4, was obtained from the Gal4 collection in Bloomington Drosophila Stock Center (Jory et al., 2012). Expression of WP-Gal4 is restricted to wings, halteres, a part of legs, and the testis (Fig.S1C) . dark cd4 was a gift from J. Abrams and was backcrossed 6 generations to w 1118 (Rodriguez et al., 1999) . gnmt Mi was a MiMIC line in which Minos was inserted in the last exon of gnmt (Venken et al., 2011) .
Other stocks used in this study include: dark k1 (dapaf-1 k1 ) (Kanuka et al., 1999) , dark N5 (Srivastava et al., 2007) , dark 82 (Akdemir et al., 2006) , FB-Gal4 (Gronke et al., 2003) , r 4 -Gal4 (Lee and Park, 2004) , NP1-Gal4 (Jiang et al., 2009) , Pxn-Gal4 (Stramer et al., 2005) , Tub GS -Gal4 (Kabil et al, 2011) , spz rm7 (Levashina et al., 1999) , dFoxO Δ94 (Slack et al., 2011) , UAS-active-spz (Ligoxygakis et al, 2002) , UAS-Pten (Gao et al., 2000) , UAS-Toll 10b (Hu et al., 2004) , and Dro-GFP/Drs-GFP (Tzou et al., 2000) . da-Gal4, Bx
MS1096 -Gal4, Elav-Gal4, UAS-dFoxO, UAS-dFoxO-IR (JF02734), and
UAS-dFoxO-sh (HMS00422) were obtained from the Bloomington Drosophila Stock Center.
UAS-dark-IR (v100405) , UAS-gnmt-IR (v25983), and UAS-sardh-IR (v27601) were obtained from the VDRC stock center. UAS-dark-sh, UAS-dronc-sh, UAS-gnmt-sh, UAS-Flag-gnmt and dark BAC
were generated in this study as described below.
Expression constructs and antibody production
UAS-dronc-sh, UAS-dark-sh, and UAS-gnmt-sh were constructed using the mir-6.1 based method (Venken et al., 2009 ). The 20-kbp genomic fragment containing wild type dark with upstream 10kbp and downstream 3kbp region was inserted in attP2 site using phiC31-mediated transgenesis (Best Gene). Antibodies for Gnmt and Sardh were generated against full-length recombinant Gnmt and Flag-Sardh proteins in rabbit (Hokudo).
Microarray and mRNA qRT-PCR analysis
Total RNA was extracted from 5 adults using TRIzol and purified with the RNeasy Plus Micro Kit (Qiagen). RNA quality was evaluated using an Agilent 2100 Bioanalyzer and the Agilent RNA 6000 Nano Kit. Fifty nanograms of total RNA were converted into Cy3-labeled cRNA and hybridized to Drosophila V2 microarrays according to the manufacturer's instructions (Agilent technologies). The hybridized microarrays were scanned using a SureScan microarray scanner (Agilent technologies), extracted from the scanned image using Feature Extraction software, and processed by GeneSpring software (Agilent technologies). Quadruplicate samples were used for each genotype, and the student's t-test was used to identify the genes significantly changed compared to control (p<0.1).
For quantitative RT-PCR, total RNA was extracted from 5 adults using TRIzol. Then, 800 ng of the total RNA was subjected to DNase digestion, followed by reverse transcription using the Takara PrimeScript RT Reagent Kit with gDNA Eraser. Quantitative PCR was performed using the Takara Premix Ex Taq II (Tli RNaseH Plus) and the Light Cycler 480 system (Roche). Primer information is available on request. Both RNA pol II and Rpl32 were used as internal controls to confirm that changes in expression did not result from the altered expression of these genes. Error bars represent the SEM, and p values were derived from two-tailed student's t-tests using GraphPad Prism software.
Western blotting and clonal analysis in the larval fat body
For western blotting, 5 adults were collected and homogenized in PBS with 0.1% SDS, 10 mM DTT, and protease inhibitor cocktail (Roche). Antibodies and their dilutions were as follows:
rabbit anti-Gnmt antibody (1:3000, see antibody production), rabbit anti-Sardh antibody (1:1500, see antibody production), mouse anti-GFP antibody (1:3000, Roche), and rabbit anti-dFoxO antibody (Kanao et al., 2010) (1:1000, a gift from Y. Imai). Anti-α-tubulin mouse monoclonal antibody was used as a loading control (1:3000, Sigma DM1A). For clonal analysis, target genes were overexpressed together with GFP to label the clones using the standard flip-out technique, by
crossing UAS lines to hs-flp 122 , UAS-mCD8-GFP; Actin>y>gal4, UAS-GFP. Heat shock was not required, as leaky expression of the heat shock promoter was sufficient to drive clone formation.
Fat bodies were dissected from late-third-instar larvae and fixed for 20 min in 4% PFA in PBS.
Fat bodies were co-stained with a rat anti-GFP antibody (1:500, Nacalai Tesque), mouse monoclonal anti-Dorsal (1:100, clone 7A4, Hybridoma Bank), rabbit anti-dFoxO antibody (1:250) and rabbit anti-Gnmt antibody (1:250). Images were captured by confocal microscopy (Leica SP5) and processed by ImageJ software.
Metabolome analysis using CE-MS and LC-MS/MS
For metabolome analysis, hemolymph from 100 day-3 adult flies was collected as described previously (Takeishi et al., 2013) , and samples were subjected to Capillary Electrophoresis-Mass Spectrometry (CE-MS) for the quantification of metabolites (Soga et al., 2003) . Those metabolites that were detected in all three genotypes (Canton S and the two different dark mutants) were analyzed. Data with a standard deviation greater than half of the average from the quadruplicate analysis (technical replicates) was excluded.
Methionine, SAM, SAH, and sarcosine were measured by Ultra performance liquid chromatography equipped with tandem mass spectrometry, TQD (UPLC-MS/MS, Waters Corporation, Milford, MA, USA) which was established based on the previous report (Jiang et al., 2009 ). Five adults or 3 larvae were homogenized in 50% methanol and evaporated completely after de-proteinization by 31% acetonitrile. Pellets were solubilized in 100 µl of 10 mM HCl followed by filtration using 0.22 mm PVDF filters (Millipore). For larval hemolymph, wandering larvae were dissected in water, followed by the same protocol as used above for homogenates.
Whole body homogenates were analyzed in parallel. For the analysis of sarcosine, samples were subjected to derivatization using the AccQ-Tag Ultra Derivatization Kit (Waters). For the analysis of methionine, SAM, and SAH, the samples were diluted with an equal volume of 50 mM Tris-HCl, Error bars represent the SD, and p values were derived from two-tailed student's t-tests using GraphPad Prism software.
TAG measurement
TAG levels were measured as described previously (Palanker et al., 2009) . Briefly, 5 adult flies, either fed or fasted for 16 h were homogenized in 0.5% Tween 20 in PBS and incubated for 5 min at 70°C to inactivate lipases. After centrifugation, supernatants were incubated first with
Triglyceride Solution (Sigma), and then with Free Glycerol Reagent (Sigma). The A 540 was determined using an ARVO X3 plate reader (Perkin Elmer). Protein concentration was determined by the BCA assay (Bio-Rad) and used for standardization of the samples. Error bars represent the SEM, and p values were derived from two-tailed student's t-tests using GraphPad
Prism software.
